IMPORTANCE Low birth weight and preterm birth are associated with adverse consequences including increased risk of infant mortality and chronic health conditions. Black infants are more likely than white infants to be born prematurely, which has been associated with disparities in infant mortality and other chronic conditions. OBJECTIVE To evaluate whether Medicaid expansion was associated with changes in rates of low birth weight and preterm birth outcomes, both overall and by race/ethnicity. DESIGN, SETTING, AND PARTICIPANTS Using US population-based data from the National Center for Health Statistics Birth Data Files (2011Files ( -2016, difference-in-differences (DID) and difference-in-difference-in-differences (DDD) models were estimated using multivariable linear probability regressions to compare birth outcomes among infants in Medicaid expansion states relative to non-Medicaid expansion states and changes in relative disparities among racial/ethnic minorities for singleton live births to women aged 19 years and older.
P rematurity and low birth weight were estimated to contribute to 36% of infant mortality (in 2013) 1 and have been associated with increased risk of chronic conditions throughout infancy and into adulthood. [2] [3] [4] [5] Ratesoflow birth weight (8.3% as of 2017) and prematurity (9.9%) are higher in the United States than most developed nations, 6-9 with nonHispanic black infants 2.0 times as likely to be born at low birth weight (13.9% vs 7.0%) and 1.5 times as likely to be born prematurely (13.9% vs 9.1%) compared with non-Hispanic white infants. 9 Hispanic infants have rates of low birth weight (7.4% as of 2017) and prematurity (9.6%) similar to white infants. 9 Since 1990, states have been required to provide Medicaid coverage to low-income pregnant women with family incomes up to 133% of the federal poverty level under the Omnibus Budget Reconciliation Act. 10 Because this insurance is dependent on pregnancy, a mother will lose coverage 60 days postpartum if she does not meet the poverty threshold for Medicaid in her state, resulting in frequent transition in and out of Medicaid coverage ("insurance churning") for many low-income women. 11 Under the Affordable Care Act (ACA), states may expand Medicaid to adults with household incomes at or below 138% of the federal poverty level, which may improve continuity of access to health care for lowincome women regardless of pregnancy status, potentially improving maternal health and earlier use of prenatal care. 11, 12 Evaluation of the association between ACA Medicaid expansion and infant outcomes is limited, with one study finding reductions in infant mortality in Medicaid expansion relative to nonexpansion states. 13 The objective of this study was to evaluate the association between Medicaid expansion and rates of low birth weight and prematurity overall and among racial/ethnic minorities relative to non-Hispanic white (hereafter "white") infants. It was hypothesized that adverse outcomes would be reduced in expansion relative to nonexpansion states with greater declines among non-Hispanic black (hereafter "black") infants given greater increases in insurance coverage post-ACA and greater rates of adverse birth outcomes among black infants.
9,14

Methods
The University of Arkansas for Medical Sciences Institutional Review Board deemed this study as non-human subjects research, and informed consent was waived.
Data Sources
The primary data source was the National Center for Health Statistics (NCHS) Vital Statistics Birth Data Files (2011) (2012) (2013) (2014) (2015) (2016) , which contain data abstracted from an estimated 99% of live births from all 50 states and the District of Columbia. 15 The
Birth Data Files were linked with 2 secondary data sources (2011) (2012) (2013) (2014) (2015) (2016) at the state and year levels (see eMethods in the Supplement for exceptions): (1) 
Sample of Births
Analyses were limited to births to women aged 19 years and older to ensure the woman was an adult (age ≥18) at the time of conception. Births with missing information on 1 or more variables were excluded (eFigure 1 in the Supplement). Aχ 2 test was conducted to test for a difference in the per-a woman who indicated any race in addition to Hispanic ethnicity was categorized as "Hispanic." 9 Analyses were additionally conducted separately for Medicaid-covered births and Medicaid-covered births to women aged 26 years and older with at most a high school degree. Medicaid funding and educational attainment were used as proxies for lower-income groups that may be more likely to benefit from expansion.
Independent Variables
The primary exposure variable was state Medicaid expansion. Previous studies vary on expansion state classification because states differed by expansion date. [16] [17] [18] Twenty six states and the District of Columbia expanded Medicaid on January 1, 2014; 2 states expanded later in 2014; and 5 states expanded in 2015 or 2016. 19 All states that expanded Medicaid in 2014-2016 were defined as expansion states regardless of previous expansion efforts, with the exception of the 8 states with approved Section 1115 waivers for Medicaid expansion by 2016, 19 which were excluded from the study (eTable 1 in the Supplement). The month of expansion marked the beginning of the postexpansion period for later expanding states; a date of January 1, 2014, was used for nonexpansion states and for states that expanded on this date.
Dependent Variables
The dependent variables included preterm birth (<37 weeks' gestation), very preterm birth (<32 weeks' gestation), low birth weight (<2500 g), and very low birth weight (<1500 g). Gestation was based primarily on the clinical/obstetric estimate, which the NCHS uses as the standard for estimating gestational age. 15 It was hypothesized that increased insurance coverage among low-income women may improve infant outcomes through mechanisms such as improved maternal health and earlier access to prenatal care services.
12,20 Several exploratory mechanisms were tested including prenatal care initiation in the first trimester, prepregnancy diabetes, prepregnancy hypertension, cigarette use in the first trimester, any infection, and a measure of paternal acknowledgment.
Statistical Analysis
Descriptive statistics compared differences among births in Medicaid expansion and nonexpansion states overall and within each racial/ethnic group in the period prior to expansion. A difference-in-differences (DID) approach was used to compare changes in outcomes in expansion vs nonexpansion states, which can control for external secular trends by using nonexpansion states as a counterfactual. 18,21,22 DID models were estimated including births of all races/ethnicities as well as for white, black, and Hispanic infants separately. A difference-in-difference-in-differences (DDD) approach was used to assess the change in birth outcomes for minority infants (ie, black and Hispanic infants, separately) in expansion states relative to nonexpansion states compared with the change in birth outcomes for white infants in expansion states relative to nonexpansion states. 23, 24 It was hypothesized that there would be greater reductions among minority infants, indicated by negative DDD coefficients. DID and DDD models were estimated using multivariable linear probability models, with standard errors clustered at the state level and controlling for maternal, infant, and statelevel factors ( Table 1 and Table 2 ; see eMethods in the b Number of births in the non-Hispanic white, non-Hispanic black, and Hispanic categories do not sum to the number of births in the overall category because births of any race and ethnicity were included in the overall category.
c Percentages may not add up to 100%, and the difference values may not be equal to the expansion minus the nonexpansion value due to rounding.
d For subgroup analyses of Medicaid-covered births and Medicaid-covered births to women with at most a high school degree in Table 4 , payer type was not included as a covariate. For subgroup analyses of Medicaid-covered births to women with at most a high school degree, the reference category for age was 36 years and older.
e Reference category in regression analyses.
f The other racial/ethnic category includes births that were not classified as non-Hispanic white, non-Hispanic black, or Hispanic. Hispanic births included births of any racial/ethnic group with a positive indicator for Hispanic ethnicity.
g The mother's age was based on the age at the time of birth minus 1 year to ensure the mother was at least 18 years old at the time of conception.
h Underweight, normal weight, and overweight or obese categories were defined as a mother with a prepregnancy body mass index of <18.5, 18.5 to 24.9, and Ն25.0 (calculated by the NCHS as weight in pounds divided by height in inches squared times 703).
i Prepregnancy diabetes, prepregnancy hypertension, pregnancy hypertension, and eclampsia are pregnancy risk factors indicated within the Birth Data Files as binary variables and are recommended to be taken directly from the medical record for the birth. Prepregnancy diabetes and prepregnancy hypertension indicate conditions present prior to the pregnancy. Any infection was created as a binary variable equal to 1 if the birth record indicated that the mother had gonorrhea, syphilis, chlamydia, hepatitis B, or hepatitis C present and/or treated during the pregnancy, which are recommended to be taken from the medical record of the birth.
j Acknowledgment of a father was created as a binary variable equal to 1 for women who were married at any point during pregnancy or for births with a completed paternal acknowledgment form at the time of the birth certificate documentation completion. The leftmost columns of Table 3 provide the unadjusted rates and percentage-point changes in outcomes by state expansion status and pre/postexpansion date, stratified vertically by racial/ethnic group. Among births of all races/ ethnicities, adverse outcomes in expansion states declined for preterm birth (6.80% to 6.67%; difference: −0. In the adjusted DID analyses, which describe the association between Medicaid expansion and rates of birth outcomes, negative DID estimates would indicate a greater decline in the rate of preterm birth in expansion relative to nonexpansion states. The adjusted DID estimate for all 4 outcomes was not statistically significant, indicating no association of Medicaid expansion with preterm birth (0.00 percentage points [95% CI, −0.14 to 0.15], P = . Table 3) . Table 3 additionally provides unadjusted and adjusted DDD estimates for black and Hispanic infants, which indicate whether changes in outcomes in expansion vs nonexpansion states differed when comparing black or Hispanic infants with white infants. A significant DDD coefficient indicates a change in the relative disparity for that minority .33
a Birth outcomes included preterm birth (<37 weeks' gestation), very preterm birth (<32 weeks' gestation), low birth weight (<2500 g), and very low birth weight (<1500 g). b The preexpansion period was 2011 through the month of Medicaid expansion in expansion states and was [2011] [2012] [2013] [2014] for nonexpansion states. Medicaid expansion and nonexpansion states are listed in footnote "b" of Table 1 . c Coefficients were calculated using linear regression models with estimates multiplied by 100 to provide percentage-point differences. Adjusted difference-in-differences and adjusted difference-in-difference-in-differences regressions were adjusted for all state-level and individual-level characteristics outlined in Tables 1 and 2 as well as for state-level dummy variables with standard errors clustered at the state level. Difference-in-difference-in-differences estimates compared black infants with white infants as well as Hispanic infants with white infants. Because the difference-in-difference-in-differences analyses compare minority infants vs white infants, there are no difference-in-difference-in-differences estimates for the overall group or for the white infant category.
d Indicates outcome in adjusted difference-in-differences or difference-in-difference-in-differences regression that does not pass the parallel trends test. Table 3 ). There were no changes in relative disparities for Hispanic infants, indicated by no statistically significant DDD estimates for outcomes among Hispanic infants relative to white infants ( Table 3) . The Figure displays trends in the 4 birth outcomes stratified by race/ethnicity and by Medicaid expansion status. This Figure was used to visualize trends across the study period as well as whether trends were parallel prior to the expansion date, which was formally tested using linear indicator variables in the DID and DDD models. The DDD comparison of relative disparities in rates of low birth weight between black and white infants as well as 2 DID comparisons among outcomes in black infants (preterm birth and low birth weight) failed the parallel trends test; however, all other significant DID and DDD comparisons in the primary analyses passed this test (Table 3 and Table 4 ). Line charts for rates pooled among all races/ethnicities and for the subgroups are available in eFigures 6, 7, and 8 in the Supplement. Table 4 provides the DID and DDD estimates for the 2 Medicaid-covered subgroups. Relative disparities among black infants were reduced for all 4 outcomes among .77
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Association of State Medicaid Expansion Status With Low Birth Weight and Preterm Birth
a Birth outcomes included preterm birth (<37 weeks' gestation), very preterm birth (<32 weeks' gestation), low birth weight (<2500 g), and very low birth weight (<1500 g).
b Medicaid expansion and nonexpansion states are listed in footnote "b" of Table 1 .
c Coefficients were calculated using linear regression models with estimates multiplied by 100 to provide percentage point differences. Adjusted difference-in-differences and adjusted difference-in-difference-indifferences regressions were adjusted for all state-level and individual-level characteristics outlined in Tables 1   and 2 as well as for state-level dummy variables with standard errors clustered at the state level. As the difference-in-difference-in-differences analyses compare minority infants with white infants there are no difference-in-difference-in-differences estimates for the overall group or for the white infant category.
d Indicates outcome in adjusted difference-in-differences or difference-in-difference-in-differences regression that does not pass the parallel trends test.
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Association (Table 4) . The primary findings from this study were quantitatively similar to those from robustness checks including a 1-year lag after expansion (eTables 3 and 4 in the Supplement) and changing state exclusion criteria (eTables 5, 6, and 7 in the Supplement). There was no evidence that differential changes in specific mechanisms, such as prenatal care initiation in the first trimester or prepregnancy diabetes, explained the reduction in disparities between black and white infants in the study (eTable 8 in the Supplement).
Discussion
This study evaluated whether Medicaid expansion was associated with changes in rates of preterm birth and low birth weight, and found that there were no differences in the change in birth outcomes between expansion and nonexpansion. However, the study found greater reductions in rates of low birth weight and preterm birth outcomes among black infants in expansion states relative to white infants in expansion states, with no significant change in disparities among Hispanic infants.
Black infants die of complications associated with prematurity and low birth weight at 3.9 times the rate of white infants (257.6 vs 66.3 per 100 000 live births in 2016). 27 Reducing the rates of low birth weight and preterm birth among black infants has been suggested as the primary mechanism for decreasing inequities in infant mortality. 28 A previous evaluation of infant mortality in Medicaid expansion relative to nonexpansion states found a greater decline among black infants compared with white or Hispanic infants. 13 The reduction in relative disparities in low birth weight and prematurity among black infants in expansion states found in the current study provide a potential explanation for the greater decline in infant mortality for black infants. Despite the reductions in disparities for black infants in expansion states, this study did not find improvements for Hispanic infants. While some DDD coefficients for Hispanic infants were positive, these findings were not significant, and many failed to meet the parallel trends assumption. Reasons for the significant increases in unadjusted rates among Hispanic infants in expansion states remain unclear.
Limitations
This study has several limitations. First, the Birth Data Files database consists of administrative data, which may have missing data or lack information on maternal factors potentially related to birth outcomes. Because records with missing data were excluded from the study, missing data could result in selection bias; however, there was no significant difference in the percentage of births excluded from Medicaid expansion and nonexpansion states. Additional variables, such as family income, may provide more accurate subgroups or covariates in regression models. Birth certificate information is collected across multiple settings, with the potential for information misclassification; however, this was mitigated with clustered standard errors and state dummy variables in DID and DDD comparisons. Studies have shown high validity and reliability for birth weight and moderate reliability for gestational age. 34, 35 To address the concerns of gestational age estimation, this study additionally included very preterm birth, which may be less sensitive to misclassification, 36 as well as birth weight, which is not sensitive to the gestational age estimates. Second, it may take time for the benefits of health insurance coverage to improve maternal health and access to care. Previous studies have found greater improvements in later years after Medicaid expansion 37, 38 ; however, including a 1-year lag after expansion (eTables 3 and 4 in the Supplement) did not meaningfully change the overall conclusions of this study.
Third, parallel trends between Medicaid expansion and nonexpansion states are required for valid conclusions from DID or DDD analyses. In the primary analyses reported in this study, 1 statistically significant DDD finding and 2 significant DID findings in the subpopulation of black infants failed to meet the parallel trends test and should be interpreted with caution.
Conclusions
Based on data from 2011-2016, state Medicaid expansion was not significantly associated with differences in rates of low birth weight or preterm birth outcomes overall, although there were significant improvements in relative disparities for black infants compared with white infants in states that expanded Medicaid vs those that did not. Although in differencein-differences analyses, state Medicaid expansion was not associated with significant differences in rates of preterm birth (6.80% to 6.67% vs 7.86% to 7.78%) or low birth weight (5.41% to 5.36% vs 6.06% to 6.18%) overall, difference-indifference-in-differences analyses showed that there were significant improvements in disparities for black infants relative to white infants for all 4 outcomes, including preterm birth, very preterm birth, low birth weight, and very low birth weight. These changes are critically important because of long-standing and persistent differences in infant mortality between black and white infants.
This study adds to a growing literature demonstrating improved health outcomes associated with Medicaid expansion, including a previous report in JAMA by Swaminathan et al that detailed the association between Medicaid expansion and lower 1-year mortality among patients with end-stage renal disease initiating dialysis. 3, 4 The future of health care coverage in the United States remains uncertain. The current administration has continued to make it more difficult for individuals to obtain health care coverage, and in 2018, the number of uninsured individuals increased for the first time in 7 years. Opponents of further Medicaid expansion argue that the program is too expensive or that it fails to improve health outcomes. The former critique is the source of ongoing policy debate, but the latter is increasingly proving false. In fact, as the study by Brown and colleagues 2 highlights, Medicaid expansion may be helping to reduce racial disparities in one of the most important health indicators of a society-birth outcomes related to infant mortality. 
Supplementary Online Content
eMethods. Covariate Variables for Difference-in-Differences and Difference-in-Difference-Differences Models
Multivariable regressions were adjusted for maternal, infant, and state-level characteristics. Maternal information included maternal race (white, black, Hispanic, other), age category (18-21, 22-25, 26-30, 31-35, and 36+), educational state (high school or less, attended or completed college, more than Bachelor's), body mass index (underweight, normal weight, obese), marital status, previous pre-term birth, pre-pregnancy diabetes, pre-pregnancy hypertension, eclampsia, or any infection. "Underweight," "Normal Weight," and "Overweight or Obese" body mass index categories were defined as a mother with a pre-pregnancy Body Mass Index of <18.5, 18.5 to 24.9, and >=25.0. Pre-pregnancy diabetes, pre-pregnancy hypertension, pregnancy hypertension, and eclampsia are pregnancy risk factors indicated within the Birth Data Files as binary variables and are recommended to be taken directly from the medical record for the birth. Pre-pregnancy diabetes and pre-pregnancy hypertension indicate conditions present prior to the pregnancy. Any infection was created as a binary variable equal to 1 if the birth record indicated that the mother had gonorrhea, syphilis, chlamydia, Hepatitis B, or Hepatitis C present and/or treated during the pregnancy, which are recommended to be taken from the medical record of the birth. Infant characteristics included paternal acknowledgement, prenatal care in the first trimester, total birth order (1, 2-4, 5+), and infant sex. Acknowledgement of a father was created as a binary variable equal to 1 for women who were married at any point during pregnancy or for births with a completed paternal acknowledgement form at the time of the birth certificate documentation completion. Type of funding was excluded for the analyses of Medicaid-covered births and of Medicaid-covered births to women with at most a high school degree. Educational attainment and the youngest two categories of ages (Table 1) were excluded for the analyses of Medicaid-covered births to women with at most a high school degree.
Area-level factors included household income median (Area Health Resource File (AHRF)), total hospital beds per 1,000 (AHRF), percent of females who were uninsured (AHRF), percent of minority females (AHRF; calculated as 100% minus the percent of the female population that was non-Hispanic white race/ethnicity), number of primary care physicians per 1,000 (AHRF), percent of the population with good or better health (Behavioral Risk Factor Surveillance System Prevalence Data (BRFSS)), percent of adults who had cholesterol checked in the last 5 years (BRFSS), and percent of adults who were never smokers (BRFSS). Birth records and area-level information were linked at the state-and year-level, with some exceptions due to the availability of the data. The number of hospital beds was only available through 2014; therefore, births in 2015 and 2016 were matched with the respective state's 2014 value. Similarly, median household income, percent of females who were uninsured, percent of females who were not white, the number of primary care providers per 1,000, the percent of the population with good or better health, and the percent of adults who were never smokers were only available through 2015. Births in 2016 were given the corresponding 2015 value for these variables. Data for the percent of adults who had their cholesterol checked came from 2011 for births in 2011-2013 and from 2015 for births in 2014-2016. Information from the ARHF was calculated by state and by year using average of countylevel information, weighted by the county population. Information from the BRFSS was included for each state and year using state-level values. Est.= Estimate; CI = Confidence Interval; N = Number of births a Coefficients were multiplied by 100 to provide percentage point differences. Adjusted DID regressions were adjusted for state-level dummy variables and all state-level and individual-level characteristics described in the eMethods. Birth outcomes included preterm birth (<37 weeks' gestation), very preterm birth (<32 weeks' gestation), low birthweight (<2,500 grams), and very low birthweight (<1,500 grams). b Medicaid expansion and non-expansion states provided in eTable1. c States without 12 full months of data after removing one year post expansion were removed (AK, LA DID=Difference-in-Differences; DDD =Difference-in-Difference-in-Differences; Est. = Estimate; CI = Confidence interval; N = Number of births a Birth outcomes included preterm birth (<37 weeks' gestation), very preterm birth (<32 weeks' gestation), low birthweight (<2,500 grams), and very low birthweight (<1,500 grams). b Coefficients were calculated using linear regression models with standard errors clustered at the state level. Estimates were multiplied by 100 to provide percentage point differences.
Adjusted DID an DDD regressions were adjusted for state-level dummy variables and all state-level and individual-level characteristics described in the eMethods. DID=Difference-in-Differences; DDD =Difference-in-Difference-in-Differences; Est. = Estimate; CI = Confidence interval; N = Number of births a Birth outcomes included preterm birth (<37 weeks' gestation), very preterm birth (<32 weeks' gestation), low birthweight (<2,500 grams), and very low birthweight (<1,500 grams). b Coefficients were calculated using linear regression models with standard errors clustered at the state level. Estimates were multiplied by 100 to provide percentage point differences.
Adjusted DID an DDD regressions were adjusted for state-level dummy variables and all state-level and individual-level characteristics described in the eMethods. DID=Difference-in-Differences; DDD =Difference-in-Difference-in-Differences; Est. = Estimate; CI = Confidence interval; N = Number of births a Adjusted DDD regressions were adjusted for state-level dummy variables and all state-level and individual-level characteristics described in the eMethods. b Coefficients were multiplied by 100 to provide percentage point differences. c Medicaid expansion and non-expansion states provided in eTable1. d Cigarette use was a binary variable determined by a positive indicator of cigarette use any time after the 1 st trimester of pregnancy. Pre-pregnancy diabetes and pre-pregnancy hypertension are pregnancy risk factors indicated within the Birth Data Files as binary variables and are recommended to be taken directly from the medical record for the birth and indicate conditions present prior to the pregnancy. Any infection was positive if the birth record indicated that the mother had gonorrhea, syphilis, chlamydia, Hepatitis B, or Hepatitis C present and/or treated during the pregnancy and is recommended to be taken from the medical record of the birth. Acknowledgement of a father was determined based on a variable in the Birth Certificate data that is positive for women who were married at any point during pregnancy or for births with a completed paternal acknowledgement form at the time of the birth certificate documentation completion. e Indicates outcome that did not pass the parallel trends test. eFigure 1. Exclusion chart describing the number and percent of births excluded to reach the final study sample. 
